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Wc, Glaxo Lasokatories Limited, a 
British Company of Greenford, Middlesex, do 
hereby declare the invention, for which wc 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement : — 

This invention concerns a novel type of 
injectable composition of use in medicine and 
incorporating one or more high-moiecular 
weight physiologically active substances. 

In investigating the adjuvant properties of 
oily substances in injectable vehicles, it has 
-previously only been proposed to use anhy- 
drous oil suspensions or emulsions of the 
simple or multiple water-in-oil or oil-in-water 
type. Adjuvants of this type, however are 
often unstable on storage or too thick easily 
to be injected. Furthermore, an emulsion or a 
suspension of a hydrophilic substance in oil, 
being opaque, is a somewhat inelegant product 
and is difficult to measure acvcurately in a 
syringe. 

The present invention is particularly con- 
cerned with the problem of formulating high 
molecular weight, hydrophilic, oil-insoluble 
physiologically active substances such as bac- 
terial toxoids and other antigens in an oily 
medium without losing the desired physio- 
logical acticity and without encountering the 
above-described difficulties associated with the 
use of emulsions. 

We have now found that optically clear 
active material and water in a physiologically 
solutions of non-ionic amphiphilic surface 
acceptable lipophilic dispersion medium (in 
contrast to the previously proposed cloudy 
or opaque emulsions') have the remarkable 
property of holding in solution a wide variety 
of high molecular wcicht hydrophilic sub- 
stances such as antigens, polysaccharides, 
nucleic acids etc. and of releasing such 
physiologically active substances on injection. 
Such media nrc also particularly ndvantaccous 
as delayed release vehicles for insoluble anti- 
l Price 4s. 6d.] 



gens such as living or dead micro-organisms. 

According to the present invention we pro- 
vide injectable compositions consisting of or 
containing water maintained in solution (as 
hereinafter defined) in a physiologically 50 
acceptable lipophilic dispersion medium, which 
is liquid at body temperature, by means of 
one or more non-ionic, amphiphilic, physio- 
logically acceptable surface active substances, 
said water having associated therewith one or 55 
more physiologically-active micro-organisms 
and/or physiologically active molecular 
weight hydrophilic oil — insoluble materials. 

The term " solution " is used herein to 
indicate a system in which the water is held 60 
by the surface-active material in a continuous 
lipophilic dispersion medium and that the re- 
sulting systems are virtually optically clear 
when viewed by transmitted light, as distinct 
from emulsions or suspensions which are 65 
cloudy or opaque, unless additional compon- 
ents such as thickening agents are added 
which themselves lend opacity to the solutions. 

Optically clear solutions of the kind utilised 
in the present invention include all colloidal 70 
solutions wherein the aggregates of water and 
surface-active materials are of a diameter 
below about 800 A and thus no longer cause 
appreciable opacity to visible light. The size 
range of the aggregates is thus approximately 75 
50-^800 A; above about 100 A within this 
range the solutions are sometimes termed 
" microemulsions This is in contradistinction 
to normal or macrocmulsions wherein the drop- 
let size is of the order of 2,000 A. The con- SO 
ditions required for formation of solutions 
(including the so-called microemulsions'l arc 
such that the resulting aggregates are thermo- 
d>'namicnlly stable, in contrast to macrocmul- 
sions which are necessarily thcrmodynamicnlly 85 
unstable, even though the equilibrium condi- 
tions of phase separation may be greatly dc- 
laved (L. I. Osipow, J. Soc. Cosmetic Chcm. 
1963 14. 277— 2SS; L.M. Prince. J. Colloid 
an Interface Science, 23, 165—17?'. 90 
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The physiologically active material may it- 
self be solubilised in the above sense to give 
a clear solution or may remain in suspension; 
micro organisms of course will always be in • 
5 suspension. Even suspension of the above kind 
may sometimes be vinually optically clear in 
transmiacd li.shc if the refraaive index of 
the organisms is close to that of the medium. 
The new compositions, being in general 
10 optically clear solutions, are not only more 
elegant in appearance than emulsions or sus- 
pensions but have manufacturing advantages. 
They are far easier to sterilise because filtra- 
tion methods may be employed and the pre- 
15 parations are, in general, more stable to trans- 
port vibration and temperature fluctuation on 
storage. -They may be readily produced by 
simply mixing the components without ener- 
getic homogcnisation which could in some 
.20 cases be detrimental to the physiologically 
active substances. These factors arc of con- 
siderable economic value. In addition, the 
solutions can be prepared to have viscosity 
levels permitting easy handling and injection. 
2") Surprisingly, considerable quantities, for ex- 
ample of the order of 2073 w/v or more, of 
aqueous solutions or suspensions of physio- 
logically aaive materials may be held in the 
compositions according to this invention and 
30 substantially non-viscous compositions, suit- 
able for injection through a narrow bore 
needle, may be prepared quite simply, without 
tre need for expensive equipment for particle 
size reduction and control in the case of sus- 
35 pensions, or homogenising machiner>- in the 
case of emulsions, which processes are difficult 
to control. However^ thicker compositions may 
be obtained if required, by varying the nature 
of the wetting agent and lipophilic disper- 
40 sion medium. 

The compositions according to the inven- 
tion may thus include one or more physio- 
logically active high molecular weight sub- 
stances. These substances will preferably be 
45 non-dialysable, their molecular weight being 
preferably above 1000, and they include, for 
example, antigenic substances, e.g., bacterial 
toxoids, proteins, polysaccharides or nucleic 
acids. The microorganisms which may be 
50 present can be, for example, living or dead 
bacteria or viruses. Thus, for example, in the 
veterinary field, the compositions represent 
an extremely useful vehicle for multiple-com- 
ponent vaccines for sheep and other anim.nls, 
55 for example Brucella abortus vaccine, infec- 
tious bronchitis virus vaccine, or Clostridial 
vaccines, such as CI. wcichii types B, C and 
D, CI. ocdcmaticns, CI. chauvoei, CI. tctani 
and CI. scpticum. 
(}0 The amount of hydrophilic oil-insoluble 
substances that can be dissolved in the com- 
positions accordins; to this invention will de- 
pend in c.ich case on the components that are 
present, especially the surface-active com- 
65 ponenis. 



Frequently the use of more than one sur- 
face-active agent in a mixture of the approp- 
riate H.L.B. will enable more hydrophilic 
material to be dissolved than would be the 
case using a single surface-aaive agent of the "0 
same H.L.B. value and it is particularly advan- 
tageous to add further to a suitable mixture 
of surface-active agents a surface liquidiser. 
Such surface liquidisers will usually be amphi- 
philic substances of shorter chain length than 75 
the principal surfactant and may be thought 
of as exerting a * lubricating ' cffea by be- 
coming interposed between the longer amphi- 
philic molecules. Mixtures according to this 
invention containing such surface liquidisers SO 
are usually considered to contain larger aggre- 
gates in the range 100 — 800 A. 

Such amphiphilic surface liquidisers include 
physiologically acceptable fatty acids, alde- 
hydes, ketones and, in particular, amphi- 85 
philic alcohols, for example mono-, di or poly- 
hydric alcohols having 3 — 10 carbon atoms, 
e.g. n-decanol, 2-ethyl-hexane-3-diol or 4- 
methyl-cyclohe.xanol. 

The weight ratio of added surface liquid- 90 
iser to total amphiphilic surface-agent advan- 
tageously employed to obtain transparent . 
stable solutions is strongly dependent on the 
temperature range over which clarity is re- 
quired. The amount is also dependent on the 95 
nature of the oil and other amphiphilic surface- 
aaive agents employed. In our preferred mix- 
tures we have found the percentage by weight 
of the total surface active agent for clarity at 
body temperature advantageously to be not 100 
more than 40%, preferably from not more 
than 25%. It may be noted that the minimum 
quantity of amphiphilic surface-active mat- 
erial required to produce a clear solution may 
often be lower when a surface liquidiser is 105 
present. 

As indicated above, the new vehicle used in 
the composition according to the invention is 
optically clear and is capable of holding con- 
siderable quantities of hydrophilic substances no' 
in a clear solution in oil. Such solutions may 
readily be prepared in a thin non-viscous form 
suitable for injection in contrast to the con- 
ventional waier-in-oil emulsions which are 
usually too thick to be easily injected. How- 115 
ever, by varying the nature of the wetting 
agent and the lipophilic dispersion medium, 
thicker solutions may be obtained. 

The lipophilic dispersion medium may, for : 
example, be an oil which is liquid at body 120 
temperature. In general, however the lipo- « 
philic component is preferably liquid ;u 35°C, j 
more preferably at room temperature and be- ; 
low, to facilitate handling of inicctable pre- j 
parations. . 125 

The lipophilic material may thus be an 
aliphatic hydrocarbon, including branched 
ch.Tin and cycloaliphatie hydrocarbons v"«r mix- 
tures thereof, for example //-dodecane or n- 
hcxadecane. Purihed parnMin oil and aqualane 130 
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arc particularly useful examples of this class. 
Other lipophilic maicrials include natural or 
synthetic lon^ chain esters or mixtures there- 
of such as tridecyl m>Tistatc, n-oayl or vcg- 

5 atable oils such as coconut oil. 

When the lipophilic material is an ester 
or a straight or branched chain aliphatic' 
hydrocarbon, such as paraffin oil or squalance, 
the surface active material preferably possesses 

10 an HLB (hydrophile-lipophile balance) value 
in the range 7 to 12, advantageously between 
S and 11,' the optimum value being between 
8.5 and 10. It should be noted that where a 
mixture of surface agents is used, it is the 

15 HLB value of the mixture which should fall 
within the above range. 

The preferred surface active agents fall in 
ihc following four classes: 

20 1: Fatty acid esters of sugar alcohol anhy- 
drides, for example of sorbitan or mannitan. 
Fatty acid moieties in such substances include 
oleate, stearate, laurate residues etc. Sorbi- 
tan mono-oleate and mannitan mono-oleate 

25 are especially useful and mannitan mono- 
oleate is obtainable in a ** specially purified " 
grade widely used in injeaable preparations- 
Commercial products of this class include 
Arlacel (Registered Trade Mark) A (mannitan- 

30 mono-oicate), Arlacel 80 (sorbitan mono- 
oleate) and Arlacel 20 (sorbitan mono-Iaurate). 
2) Ethylene oxide condensates of the products 
of class (1). Polyoxyethylene sorbitan mono- 
oleate and mono-laurate are particularly useful. 

35 Comm.ercial products of this class include 
Tween (Registered Trade Mark) 80 (polyoxy- 



ethylene (20) sorbitan mono-olcate), Tween 20 
(polyoxyethylene (20) sorbitan mono-lauratc), 
Tween 81 (polyoxyethylene (5) sorbitan 
mono-oleate), Tween 85 (polyoxyethylene (20) 40 
sorbitan trioleate), Tween 61 (polyoxyethylene 
(4), sorbitan mono-stcarate) and Tween 65 
(polyoxyethylene (20) sorbitan tristearatc). The 
numerical values given in parenthesis in the 
nomenclature for the above products refers 45 
to the approximate number of oxyethylene 
The products are, in fact, always mixtures 
and this figure merely represents the average 
chain length. 

3) Polyoxyethylene derivatives of alkyl phenols. 50 
The alkyl portions of such phenols preferably 
contain 6 to 10 carbon atoms e.g. as in octyl 

or nonyl groups. Products of this type having 
polyoxyethylene chains of varying lengths are 
commercially available. Comimercial- products 55 
in this class include Triton (Registered Trade 
Mark) X — 15 (polyoxyethylene (l)-ocryl 
phenol), Triton X — 35 (polyoxyethylene (3)- 
octyl phenol) and Triton X — 100 (polyoxy- 
ethylene (10-octyl phenol). 60 

4) Polyoxyethylene, derivatives of. fatty alco- 
hols e'g. lauryl, stearyl alcohol etc. Again, 
materials of varying chain lengths are obtain- 
able. Brij (Registered Trade Mark) 30, (poly- 
oxyethylene (4)-lauryl ether) is a useful pro- 65 
syrithetic long chain esters or mixtures include 
duct in this class. 

Naturally the surface active material and 
the lipophilic material must be campatible with 
the bioiogically active component. 70 

The HLB values of a number of surface 
active materials are given in Table 1 below. 
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Table I 
Surface Aaivc Aecnts Examincti 



1 Name 


1 Chemical Consntution 
1 


H.L.E 


1. Arlaccl 20 


Sorbitan Monolaurate 


8.6 


Arlaccl SO 


Sorbitan Monoolcate 


4.3 


Arlaccl A 


Manrntan Monooleatc 


4.0 


2. Twcen 20 


Polyoxycthylene (20) sorbiian monolaurate 


16.7 


Tv/een SO 


Polyoxyethylenc (20) sorbitan m.onoolcatc 


15.0 


Twccn 81 


Pclyoxyethylene (5) sorbitan monooleatc 


10.0 • 


Twcen 85 


Polyoxyethylenc (20) sorbitan trioleate 


il.O 


Tv/een 60 


Pclyoxyethylene (20) sorbitan monosteararc i 


15.0 


Twcsn 61 


Pclyoxyethylene (4) sorbitan monostcarate 


9.6 


Twecn 65 


Polyoxyethylenc (20) sorbitan trisrcarare 


iO.3 1 


3. Triron X — 15 


Pclyoxyethylene (1) octyl phenol | 


3.6 


Triton X — 35 


1 

Pclyoxyethylene (3) octyl phenol j 


7.9 



Triton X— 100 



(10) octyl phenol 



4. 3rij 30 



Pclyoxyethylene (4) b.uryl ether 



13.4 



9.5 



In order to obtain an optimal HLB value it is 
often convenient to use a mixture of a pre- 
dominantly hydrophilic surface active agent 
with a predominantly lipophilic surface agent 
and Table II below shows results obtained with 
a number of such mixtures and also Tween 81. 
Weighed quantities of surfactant solutions 



sealed in ampoules with incremental quantities 
of water were mixed and examined for clarity 
10 determine the maximum quantities of water 
solubiliscd. Other techniques show higher 
values and those shown are principally for the 
purpose of comparing the properties of the 
surface active agents 



IC 
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From chcsc Tables it can be seen that sur- 
face active materials based on sorbitan give 
especially good results in that they solubilise 
relatively large quantities of water. The ex- 

5 pcrimcnts indicate that Twecn 81 alone, Ar- 
lacel SO: Tween SO (60:40) and Arlacel 20: 
Twecn SO (60:40) arc especially effective in 
a liquid paraf^^n dispersion medium. Brij 30 
is another useful surface active material. It 

10 will be noted that the HLB values of these 
surface combinations are all about 10. 

As indicated previously, the preferred HLB 
values Slated above are those which apply 
when the lipophilic medium is a straight or 

15 branched chain hydrocarbon and, especially, 
parafnn oil or squalance. Where other lipo- 
' philic media are selected, the optimal HLB 
values will differ although they can readily 
be ascertained by experiment. 

The percentage of water in the compositions 
may vary widely and up to about 22.5% by 
weigh can be incorporated in oils such as 
liquid paraffin while stiU maintaining a clear 
solution. On the other hand, the association 

23 of a large quantity of water with the physio- 
logically active material may not be necessary 
and as little as 0.5 7^ by weight water or even 
less may be present. ^X''here the high mole- 
cular weight component is difficult to obtain 

50 in concentrated aqueous solution, as is often 
the case with baaerial toxoids and panicu- 
lariy where a mixture of several toxoids is 
required, it is preferred that the percentage of 
water should be, for example 10 to 15'/, with 

35 Tween SI as surfactant. Such percentages can 
be obtained by using relatively large quantities 
of surface active agent. 

Where concentrated solutions of the active 
component are available, however, it may be 

40 preferred thai the percentage of water be kept 
relatively low, for example in the range 0.57- 
to 773 by weight, more preferably between 
2.5 7o and 6.07r, so that the amount of sur- 
face active agent present can be minimised, 

45 The weight ratio 'of water to surface active 
agent is preferable in the range 1:1 to 1:10, 
advantageously 1 : 5 to 1 : 7, for example about 
1:5. 

In the field of human medicine, physio- 
50 logically aaive material which may be incor- 
porated into the composition includes tetanus, 
diptheria and staphylococcal toxoids as well 
as suspensions of organisms such as B. per- 
tussis, V. cholerae, and influenza virus 
55 The compositions of the invention may be 
prepared in a number of ways. As indicated 
above, it is possible for the surface active 
agent to be dissolved in the oil and for the 
aqueous material to be added thereto, pre- 
60 fcrably slowly, h is also possible to mix the 



aqueous components with the hydrophobic 
phase and to add surface active material to 
produce soiubilisation. The surface active 
agent may also be added first to the aqueous 
component and the hydrophobic phase mixed 65 
subsequently therewith. One further method is 
especially useful where the physiologically 
aaive material is available only in dilute sol- 
utions, namely to prepare an emulsion of the 
aqueous and hydrophobic components using 70 
insufficient surface active agent to solubilise 
all the water and then to evaporate off a pro- 
portion of the water to leave a solubiliscd pre- 
paration. Evaporation of the water can be 
cffeaed, for example, by passing a current of 75 
sterileair over the surface of the agitated emul- 
sion or by evaporation at low temperatures 
under high vacuum. 

The compositions according to the invention 
may, if desired contain additional components 80 
such as bacteriostatics and antiseptics or thick- 
ening agents for viscosity control. 

The solubilised compositions according to 
the invention can in some cases be modified 
by heating to relatively high temperatures, for 85 
example above 40'^C, whereby water separates 
out to give a turbid appearance. It is pre- 
ferred, tiierefore, that the compositions remain 
clear on heating to at least body temperature. 
It should be borne in mind that some animals 90 
have a relatively high body temperature, for 
example the body temperature of sheep is 
normally around 40°C. 

The new compositions according to the in- 
vention are intended for pharmaceutical and 95 
veterinary use. The virrually clear composi- 
tions according to the invention in addition 
to the physical advantages described above 
have also shown surprisingly marked adjuvant 
effects on the properties of the active material. 100 
Thus, for example, in the case of CI. welchii, 
type D formol toxoid, the height of the anti- 
body response was increased in our experi- 
ments by a faaor of ten and the duration of 
protection was also increased. In the adminis- 105 
tration of veterinary vaccines, and indeed 
human vaccines, it is important that the dura- 
tion of protection be as long as possible and 
if the number of injcaions necessary to give 
proteaion can be minimised this is of great 110 
benefit in reducing the cost of protecting large 
numbers of animals. While we do not wish to 
be bound by theoretical considerations, it is 
believed that the increased effeaiveness of 
the active material is due to delayed release 115 
from the lipophilic medium. 

For the better understanding of the inven- 
tion the following Examples are given by way 
of illustration only: — 



Example 1 



Percentages 

Arlacel 80 (sorbitan mono-oicate) 5,0 w/v 

Tween 20 (poiyoxyethyelen (20) 
sorbitan monolaurate) 3 25 y/v 

Clostridiuni welchii type D, 
"purified for^iol' toxoid of . 

a potency- of 4,500 Lf/mJ 1.45 

Puremor (Registered Trade Mark) 
(extra light white paraffin oil) to loo by volume 



Method of preparation 

1. A solution of 10 grams of Arlacel 80 in 
sufficient Puremor 10 produce 191 mi was 
sterilised by passage through a membrane 
niter. 

2. Tween 20 was sterilised bv autoclavine at 
10 p.s.i. 



Method of pre pear ation 

.1. 15.0 grams of Tween 81 was dissolved in 
sufficient Puremor to produce 148 ml of solu- 
tion. This solution was sterilised by passage 



3. Tween 20 (3.25 ml.) was asepticallv meas- 
ured mto 95.5 ml. of sterile Arlacel SO solu- 
tion, and the toxoid solution added. The 
mixture was stirred until homogeneous and 
packed. 



Percentage 



10.0 w/v 



1.25 vv 
100 by volume 



through a sterile millepore membrane filter. 
2, To 99 ml. of the sterile solution was added 
1.25 ml. of toxoid solution. The mixture was 
Stirred until homogeneous and packed 



Example 2 



Tween 81 polyoxythylene (5) 
sorbitan monooleate 

Clostridium welchii type D, 
purified formol toxoid 
solution containing 4,000 Lf/ml. 

Puremor extra light white paraffin oil to 



Example 3 

Percentage 

Triton X— 100 (polyoxycthylcnc (10) octyl phenol) 9.0. w/v 

Triton X— 15 (polyoxycthylcnc (1) octyl phenol) 9.0 w/v 

Clostridium welchii Type D, purified formol 

toxoid at 4,000 Lf/ml 6.0 v/v 

Puremor extra light white paraffin oil to- 100 by volu 
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Method of prepco'aiion 

1. IS.O Triton X — 15 dissolved in Puremor 
to produce 100 ml., was sterilised by filtration. 

2. Triton X — 100 was sterilised by autociaving 
at 10 psi, 

3. 9.0 g. Triton X— 100 was mixed asepticaliy 
with 50 ml. Triton X— 15 solution. The 
to.xoid was added and the product made to 
100 ml with sterile Puremor. 

4. The product was rhcn stirred until homo- 
geneous. 

EX.VMPLE 4 

Formula, as in Example 2. 



MetJiod of preparation 

I. To a crude emulsion of toxoid solution in 
sterile Puremor. was added the Sterile Tween 
81, stirring continually with a mechanical 
stirrer. The product was stirred until homo- 
geneous. 

Example 5 
Formula, as in Example 2. 

Method of preparation 
1. Toxoid solution was added to and mixed 
intimately with sterile Tween SI. This mixture 
was then diluted with Puremor to volume. 
The product was stirred until homogeneous. 



E.X AMPLE 6 


Percentage 


Tween 81 


10.0 w/v 


Clostridium welchii tvpe D toxoid at 
3,600 Lf/ml 


1.39 v/v 


Thixin — R (glyceryl tris-12-hydroxyste3rate) 


1.0 w/v 


Puremor to 


100 by volume 



Method of preparation 

1. A 20% w/v solution of Tween 81 in pure- 
50 mor was sterilised bv filtration. 

2. 10 grams of Thixin -R sterilised by expos- 
ure to formalin vapour, was dispersed in sterile 
Puremor to produce 200 grams of suspension. 
The suspension was warmed to 70 C to dis- 

35 solve the Thixin — R. and the mixture siirred 
vigorously until it had cooled to ambient tem- 
perature. 

3. 1.39 mi, toxoid was added to 50 ml. of 



Tween 81 solution and 20 grams of Thixin gel 
added. The mixture was stirred until homo- 
geneous, and diluted to 100 ml. with sterile 
Puremor. (Note that this vaccine was not 
clear, the Thixin — R s.hown in this formula 
was incorporated as a thickening agent, and 
does not produce a clear solution. It was 
incorporated against possible inclusion of cel- 
lular antigens together with toxoids, to deter- 
mine its acceptability in terms of antitoxin 
response to toxoids.) 



15 



20 



25 



40 



45 



EX.\MPLH 7 



Per 1 ml. 



Tween 81 



0.18 



Tween 80 (polyoxycthylcnc (20) sorbitan mono-olcate 0.02 g. 
Clostridium welchii type B purified toxoid (Formol) 100 L/f 
Clostridium welchii type C purified toxoid (Formol) 50 L/f 
Clostridium welchii type D purified toxoid (Formol) 50 L/f 
Clostridium tetani purified formol toxoid 
Clostridium sepcicum purified formol toxoid 
Clostridium oedematicns type B formol toxoid 
Clostridium chauvoei formol culture 



Puremor 



to 



7.5 L/f 
7.5 L/f 
5 L/f 
3 10^ 

1.0 ml. 



n ^2 — S 
C_ tj 3 X 
< * H " 

- : s 2, 

^ — > 

< ^ 



^ 3 o 

S ^ - 

C rj o 



c - 
organisms. 



/ 
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Method of preparation 

I. A mixture of toxoids to the proportions 
shown were freeze dried, and reconstituted in 
water for injection to produce 5 ml. of anti- 
gen solution per 100 ml. of vaccine. 



of Tween 81 and 2 grams of Twecn 80 per 
75 ml. of solution was sterilised by filtration. 
3. The mixed antigen solution was added to 
this solution and the product made to 100 10 
ml with sterile Puremor and stirred until 



2. A solution in Puremor containing 18 grams homogeneous. 



Example 8 



Percentage 



Tween 81 15.0 w/v 

Brucella abortus strain 45/20, packed cells 5.0 w/v 

Thixin — R 1.0 w/v 

Puremor to 100 by volume 



- Method of preparation 
15 1. The packed cells (which contain approxi- 
mately 50% water) were dispersed thoroughly 
in sterile Tween 81. 

2. This dispersion was then dispersed in sterile 



Puremor 25 g. of 4% Thixin — R gel, pre- 
pared as described under example 6, was 20 
added, and the product made to volume with 
sterile Puremor. The product was then agi- 
tated until homogeneous. 



Example 9 



Percentage 



Tween 80 
Twecn 81 

Clostridium welchii tvpc D formol toxoid 
at 3,000 If/ml. 



Squalene 



to 



1.5 w/v 
13.5 w/v 

1 .66 v/v 
100 by volume 



2. The Twcens were aseptically dissolved in 
25 Method of preparation sterile (filtered) Squalane, and the toxoid solu- 

1. Tween 80 and Tween 81 were autoclaved tion added. The product was mechanically 30 
at 10 psi for 30 min. to sterilise. stirred until homogeneous. 

Example 10 

Formula Perccniacc 



Infectious 


Bronchitis virus suspension 


20% 


V/ v 


Twecn 81 




20".:. 


w/v 




V sterilised by filtration: 






Puremor 


J to 


100"(, 


by volume 



Method of Preparation (using sterile equip- 
ment and aseptic technique) 
35 1. 42.5 ml of a 23.55 per cent w/v solution 
of Tween SI in Puremor was measured into 
a jacketed glass vessel, equipped with a ground 
glass lid and magnetic stirrer. 



2. 10 ml. of Virus suspension was added 
and stirred to produce a water in oil emul- 
sion. 

3. A glass freeze dryini; trap containing a 
* Drikold (Registered Trndc Alark>— IMS " 
mixture was inserted in the socket provided 
in the lid of the vessel. 
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4. Vacuum, approximaicly 2S inches of mer- 
cury, was applied to the system, and water 
ai 27*^0 circulated through the jacket. Water 
was condensed from the system, stirring con- 
tinually, until the product was clear. The 
product was made to 50 ml with Puremor. 

The moisture content of the product was 
measured as 11.7 per cent w/w. 

Example 11 

Formula, as Example 10. 
Method (Using sterile materials and equip- 
ment and an aseptic technique) 
1. 42.5 ml of a 23.55 per cent w/v solution 



of Tween SI in Puremor was measured into 

a glass vessel of approximately 150 ml. 15 

capacity equipped with a stirrer. 

2, 10 ml. of virus suspension was added and 
the mixture stirred to produce a water in oil 
emulsion. 

3. A stream of air, at approximately 4* litres 20 
per minute, was passed over the mixture, 
stirring continuously, until a clear product 
resulted. 



Example 12 



Tetanus Vaccine 



Tween 80 


2.0% 


w/v 


Tween 81 


18.0% 


w/v 


Clostridium tetani purified formol toxoid 
solution at 150 L.f/ml. 


5.0% 


v/v 


Puremor to 


100.0% 





25 1. 36 g. of Tween 81 and 4 g. of tween SO 
were dissolved in sufficient Puremor. to pro- 
duce 190 mis. of solution. This solution was 
sterilised by passage through a sterile mem- 
brane filter. 



2. To 95 mis. of the sterile solution was 30 
added 5 mis. of toxoid solution. The m'ixiure 
was stirred until homogeneous and packed. 



Example 13 

Pertussis Vaccine 



Tween 81 


20 


O^-o w/v 


Cell suspensiQn containing 200 >: 10, 
B. Pertussis organisms/ml. 




0 v/v 


5 


Puremor to 


100 


0% 



1. 40 g. of Tween 81 was dissolved in suffi- 
35 cicnt Puremor to produce 190 mis. of solution. 
This solution was sterilised by filtration. 



2. To 95 mis. of the sterile solution was 
added 5 mis. of cell suspension. The vaccine 
was stirred until homogeneous and packed. 
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Example 14 



Twccn 60 (polyoxycthylene (20) 
sorbitan monostearatc 

Arlaccl 80 (sorbitan monolcatc) 

2-EthyM,3-hexaiicdiol 

Clostridium welchii tyoc B 
purified toxoid (Formol) 

Clostridium welchii t>'pc C 
purified toxoid (Formol) 

Clostridium welchii type D 
purified toxoid (Formol) 

Clostridium tetani purified 
formol toxoid 

Clostridium scpticum purified 
formol toxoid 

Qostridium ocdcmaticns type B 
formol toxoid 



50 L/f 
50 L/f 
50 L/f 
7.5 L/f 
7.5 L/f 
5 L/f 



■25 

3 - 



.o n 

c " 

< 

n X 

n to 



" 9 



10 g 
10 g 
4.8 g 



Ml. 6 ml 



Puremor 



47 g 



Method of Preparation 

1. A solution of 10 g Twccn 60, 10 g Arlacel 80 and 4.8 g 2-cthyl-l,3-hcxanediol 
in 47 g Puremor was sterilised by filtration. 

2. The above solution was warmed to 40° and the mixed antigen added with stirring. 
The product was stirred until clear and allowed to cool. 

It was clear over a range 10 — 45 ""C. (The final volume v/as 93 ml). 
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Twcen 60 
Arlacel 80 

Clostridium wclchii type B purified 
toxoid (Formol) 

Clostridium welchii type C purified 
toxoid (Formol) 

Clostridium welchii type D purified 
toxoid (Formol) 

Clostridium tctani purified formol 
formol toxoid 

Clostridium scpticum purified 
formol toxoid 

Clostridium oedematicns type B 
formol toxoid 

Clostridium chauvoei formol culture 

2-Ethyl-l,3-hexanediol 

Coconut oil 



A mixture of toxoids to the proportions shown were freeze dried and recoristituted 
in water for injection to produce 6.7 mis. of antigen solution per 100 ml. vaccine. 

Method of Preparation 

1. A solution, of 10 g Twcen 60, 10 g Arlacel 80 and 4.8 g 2-ethyI-l;3-hexanediol 
in 47 g Puremor was sterilised by filtration. 

2. The above solution was warmed to 40'' and the mixed antigen added with stirring. 
The product was stirred until clear and allowed to cool. 



100 L/f 

50 L/f 

50 L/f 

7.5 L/f 

7,5 L/f 

5 L/f 
3 X 105 



12 g 
12 g 



< 5s. 

i-r 



organisms 



to 



8.5 g. 
100 mis. 



WHAT WE CLALM IS: — 
\ 1. Injcaable compositions consisting of or 

/ containing water maintained in solution (as 
J 5 herein defined) in a physiologically accept- 
able lipophilic dispersion medium, which is 
liquid at body temperature, by means of one 
» or more non-ionic, amphiphilic, physiologically 
acceptable surface active substances, said water 
having associated therewith one or more 
10 physiologically-active microorganisms and/or 
physiologically active, high molecular weight, 
hydrophilic oil-insoluble materials. 

2. Compositions as claimed in claim 1 in 
; _ which the physiologically active material is 

15 an antigenic substance. 

3. Compositions as claimed in claim 1 in 
which the physiologically active material is 
a protein, polysaccharide or nucleic acid. 

A. Compositions as claimed in claim 1 in 
20 which the physiolosically active m.itcrial in- 



cludes one or more bacterial toxoids and/or 
killed bacteria. 

5. Compositions as claimed in claim 4 in 
which the bacterial toxoid is a toxoid from 
Clostridium wlchii type B, C or D, Clostridium 25 
oedemaiienSf Clostridium septicum or Clos- 
tridium tetani or killed bacteria from Clos- 
tridium chauvoei or Brucella abortus. 

6. Compositions as claimed in claim 4 in 
which the physiologically active material is 30 
diphtheria or staphylococcal toxoid or B. per- 
tussis cells. 

7. Compositions as claimed in any of the 
preceding claims in which the lipophilic dis- 
persion medium is liquid at room temperature. 35 

8. Compositions as claimed in claim 7 in 
which the lipophilic dispersion medium is a 
straight or branched chain aliphatic or cyclo- 
aliphatic or a mixture of such hydrocarbons. 

9. Compositions as; claimed in claim 51 in 40 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



which the hydrocarbon is purified paraffin oil 
or squalane. 

10. Compositions as claimed in claim 7 in 
which :hc lipophilic dispersion medium is a 
natural or synthetic long chain ester or mix- 
tures thereof. 

11. Compositions as claimed in claim 10 
m which the ester is tridec>-l myristatc or n- 
octyl oleaie or a vegetable oil. 

12. Compositions as claimed in claim 11 in 
which the vegetable oil is coconut oil. 

13. Compositions as claimed in any of the 
preceding claims in which the amphiphilic 
surface active material is a fatty acid ester 
of a sugar alcohol anhydride, or an ethylene 
oxide condensate thereof, a polvoxyethylcnc 
derivative of an alkyl phenol, a p'olyoxyethyl- 
ene derivative of a fatty alcohol or a mixture 
of such materials. 

_ 14. Compositions as claimed in claim 13 
in which the surface active materia! is an 
oJeate, stearate or laurate of sorbitan or man- 
nitan. 

^ 15- _ Compositions as claimed in claim 13 
in which the surface active material is a poly- 
oxyetnylene derivative of an alkvl phenol 
having 6 to 10 carbon atoms in 'the alkvl 
portion or of lauryl or stearyl alcohol. 

16. Compositions as claimed in any of the 
preceding claims in which the HLB value of 
the amphiphilic surface active material is be- 
tween 7 and 12. 

17. Compositions as claimed in anv of the 
preceding claims in which the HLB value 
of the amphiphilic surface active material is 
between S and 11. 

18. Compositions as claimed in any of the 
preceding claims in which the HLB value 
of the amphiphilic surface active material is 
between 8.5 and 10. 

19. Compositions as claimed in da'im 16 
in which the amphiphilic surface active mat- 
erial IS (a) 40 parts by weight poiyoxyethylene 
(20) sorbitan mono-oleate with 60 parts by 
weight sorbitan mono-oleate or sorbitan mono- 
laurate, or (b) polyo.xycthylene (5) sorbitan 
mono-oleate. 

20. Compositions as claimed in any of the 
preceding claims in which the water content 
IS bctwccnO.5 and 22.57- by weight. 

21. Compositions as claimed in claim 20 
in which the water content is between 10 and 
15y, by weight. 

22. Compositions ns claimed in claim 20 
in which the water content is between 0.5 and 
7.0"/ by weight. 

23. Compositions as claimed in claim 22 in 
which the water content is between 2 5 and 
6.0 by wci-ht. 

24. Compositions as claimed in any of the 
preceding claims in which the weight ratio 
of water lo surface active asent is in the rancc 
1 : 1 to 1 : 10. 

25. Compositions as claimed in claim 22 



in which the weight ratio of water to surface 
active agent is in the range 1:4 to 1:7. 

26. Compositions as claimed in any of the 
preceding claims in which the surface material 
includes a surface liquidising agent. 

27. Compositions as claimed in claim 26 
in which the surface liquidising agent is an 
amphiphilic substance of shoner chain length 
than the principal surface active agent present. 

2S. Compositions as claimed in claim 27 in 
which the surface liquidising agent is an am- 
phiphilic physiologically acceptable alcohol. 

29. Compositions as claimed in claim 2S 
in which said alcohol has .3 to 10 carbon 
atoms. 

30. Compositions as claimed in claim 28 
in which the alcohol is n-decanol, 2-«thyl- 
hcxane-l,3-diol or 4-methylcyclohexanoL 

31. Compositions . as claimed in any of 
claims 26 to 30 in which the surface liquid- 
ising agent constitutes up to 40^, by weight 
of the total surface active material. 

32. Compositions as claimed in any of 
claims 26 to 30 in which the surface liquid- 
ising agent constitutes up to 25% by weight 
of the total surface active material. 

33. Compositions as claimed in any of the 
preceding claims which also contain one or 
more antibacterial, or thickening agents. 

34. Compositions as claimed in any of the 
preceding claims substantially as herein des- 
cribed. 

35. Compositions as claimed in any of the 
preceding claims substantially as herein des- 
cribed with reference to any of the Examples. 

36. A process for the preparation of a com- 
position as claimed in claim 1 wherein water, 
one or more physiologically active high mole- 
cular weight oil-insoluble materials and/or 
physiologically active micro-organisms, a 
physiologically acceptable lipophilic dispersion 
medium and one or more non-ionic, amphi- 
philic, physiologically acceptable surface 
active substances are mixed together to form 
a composition in which said water is solu- 
bilised in said lipophilic medium. 

37. A process as claimed in claim 36 in 
which the surface active materia! is first dis- 
solved in the lipophilic medium followed by 
admixture with the physiologically activ'e 
materia! and water. 

38. A process as claimed in claim 36 in 
which the aqueous components are mixed with 
the lipophilic phase followed bv adniixture 
with the surface active material* 

39. A process ns claimed in claim 36 in 
which a mncroemuUion of the aqueous and 
lipophilic components is prepared with insu- 
thcicnt surface active agent to solubilise all 
the water followed by causing or allowing 
water to evaporate from the cniuUion until a 
soKibiliscd preparation is formed. 

40. A process as claimed in el.iim 36 sub- 
stantially as herein described. 
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41. A process as claimed in claim 36 sub- 
sianiially as herein described with reference 
10 any of the examples. 

4'2. Compositions as claimed in claim 1 
5 whenever prepared by a process as claimed 
in claim 36. 



For the Applicants, 
FRANK B. DEHN & CO., 
Chartered Patent Agents, 
Imperial House, 
15—19 Kingsway, 
London^ W.C2. 
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